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@ Process for preparing an optically active cyclobutanone, an intermediate in the synthesis of an 
optically active cyclobutane nucleoside. 

@ A novel process and intermediates are disclosed for the preparation of the optically active compound 




R 3 OH 2 C 



wherein R 3 is a protecting group. This cyclobutanone compound is used to prepare a compound of the 
formula 
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The pres nt invention provid s a process for th preparation of the optically active cydobutanone com- 
pound of formula 1_ wherein R 3 is a protecting group. 
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1 



is The invention provides novel intermediates in the above process and a process for preparing these inter- 

mediates. 

The optically active cydobutanone compound of formula \ is an intermediate in the synthesis of the optically 
active cyclobutane nudeoside analog IR^Ia^p^SaJ^-amino-D-^S-bisthydroxymethyOcydobutyll-l^-dihyd- 
ro-6H-purin-6-one, represented by formula 2. Antiviral activity is exhibited by compound 2 and its 



25 



30 




pharmaceutical^ acceptable salts. Unless otherwise stated, compounds 1_ and 2 are optically active, and their 
absolute stereochemistry is (2S, 3S) and (1R, 2R, 3S), respectively as depicted in the above figures. 

The preparation of compound ± in optically active form and its conversion to optically active compound 2 
40 has been described in ichikawa. Y.. etaL, J. Chem. Soc. Chem. Common. 1 989, 1919-1921, in European patent 
application 358,154 published on March 14, 1990, and in European patent application 366,059 published on 
May 2. 1990. 

The preparation of compound 1_ in optically inactive form (i.e. , as a racemic mixture) and its conversion to 
optically inactive 2, (±) - (1a,2p,3a)-2-amino-9-[2,3-bis(hydroxy^ 
45 has been described in Slusarchyk, W.A., et al. Tetrahedron Lett. 1989, 6453-6456; in European patent appli- 
cation 335,355 published on October 4, 1989; in Norbeck, D.W., et al. J. Med. Chem. 1990, 33, 1281 - 1285; 
and in European patent application 366,059 published on May 2, 1990. 

An additional preparation of optically inactive compound 1_ has been described in Honjo, M., et al. Chem. 
Pharm. Bull. 1989. 37. 1413-1415. 
so The process of the present invention is shown in the reaction scheme below: 
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R 3 OH 2 Q 




R 3 OH 2 C 



35 

wherein R 1 is the group obtained by removal of the hydroxy group from the homochiral alcohol of the formula 
R 1 OH and is a branched chain alkyl of 4 to 20 carbons, a substituted straight or branched chain alkyl of 1 to 
20 carbons, a substituted cycloalky! of 3 to 20 carbons, a bridged cycioalkyl of 6 to 20 carbons, a substituted 
bridged cycloalkyi of 6 to 20 carbons, a polycyctoatkyl of 7 to 20 carbons, a substituted polycycloalkyl I of 7 to 
40 20 carbons wherein said substituents are one or more, preferably one, two or three, selected from lower alkyl 
of 1 to 5 carbons, halo, lower alkoxy of 1 to 5 carbons, 



45 



O 

-C-lower 



alkoxy of 1 to 5 carbons 



50 



O O 
ii *: 
-O-CH, -O-C-lower 



alky! of 1 to 5 carbons and phenyl, a lactone of 4 to 6 carbons, a substituted lactone of 4 to 6 carbons wherein 
said lactone substituents are one or more, preferably one or two, selected from lower alkyl of 1 to 5 carbons, 
55 halo, lower alkoxy of 1 to 5 carbons, and phenyl, 
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R 4 R 5 R 4 R 5 



wherein n is an integer from 1 to 4, and R 4 and R 5 are independently selected from hydrogen and lower alkyl 
of 1 to 5 carbons; 

R 2 is lower alkyl of 1 to 5 carbons or both R 2 groups are joined together by an alkylene group of 2 or 3 
carbons; and 

is R 3 is a protecting group. 

Compounds 5a and 5b are diasteromeric relative to each other, and the absolute stereochemistry at the 
cyciobutane 1- and 2- positions is (1S, 2R) for compound 5a and (1R, 2S), for compound 5b as depicted in the 
figures of the above reaction scheme. Unless otherwise stated, compounds 6 and 7 are optically active, and 
their absolute stereochemistry is (1S, 2S), as depicted in the figures of the above reaction scheme. 

20 The preparation of compounds 6 and 7 in optically inactive form has previously been described in Slusar- 

chyk, W. A., et al. Tetrahedron Lett 1989, 6453 - 6456 and European patent application 335,355 published on 
October 4, 1989. 

The term "lower alkyr refers to both straight and branched chain groups which contain from 1 to 5 carbons. 
Similarly, the term "lower alkoxy" refers to such lower alkyl groups attached to an oxygen. The term "halo" refers 
25 to Br, Ci, F and I. 

Suitable R 3 protecting groups include hindered silyl groups such as t-butyldiphenylsilyl and triisopropyisilyl, 
acyi groups such as acetyl and benzoyl, benzyl and substituted benzyl groups such as 4-methoxybenzyi and 
3,4-dimethoxybenzyi. 



Suitable R 1 groups include 



H 3 C CH 3 H 3 <\ ^ CH 3 

\ / CH 



CH 



T 



40 CH 3 CH 3 



45 



50 



55 



4 



EP 0 458 643 A2 



10 



H 3 C— CH-C - O -CH 3 , 



H 3 — CH - C - 0 - C 2 H 5 , 



H 3 C — CH — C- O -CH 3 , 



H 3 C- CH- C-O — C 2 H 5 , 
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These R 1 groups are obtained from the optically active alcohols (+)- or (-)-mentho), (+)- or (-)-methyl- or ethyl 
lactate, (+)- or (-)-pantoIactone, (+)- or (-)-a-phenethyl alcohol. (+)- or (-)-borneol, (+)- or (-)-a.p isopropylideneg- 
lycerol, (+)- or (-)-3-methy1-2-butanol and the like (i.e., wherein R 1 OH is (+)- or (-)-menthol, (+)- or (-)-methyl 
or ethyl lactate, (+)- or (-)pantolactone, (+)- or (-)-a-phenethyl alcohol, (+)- or (-)-bomeol. (+)- or (-)-a,p-isop- 
ropylidene-glycerol, (+)- or (-)-3-methyl-2-butanol by removal of the hydroxy group. 

Preferred features of the invention will now be described. 

Preferred R 2 groups are methyl and ethyl. 

The compound of formula 5a is prepared by reaction of a compound of formula 3 with a compound of for- 
mula 4 in the presence of a Lewis acid. Examples of such Lewis acids include aluminum compounds such as 
diethylaluminum chloride, diisobutyiatuminum chloride, ethylaluminum dichioride, isopropoxyaluminum 
dichioride. aluminum trichloride and the like, boron compounds such as boron trifluoride, boron trichloride and 
the like, titanium compounds such as titanium tetrachloride, dichlorodiisopropoxytitanium and the like, and tin 
compounds such as tin tetrachloride, tin trichloride and the like. The compound of formula 3 and the compound 
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of formula 4 are used in a proportion wherein the amount of compound 4 is 0.1 to 5 quival nts per equival nt 
of compound 3. The Lewis acid catalyst is used in an amount of 0.5 to 5 equivalents per equivalent of compound 
The reaction is carried out in a solv nt such as methylene chloride, toluene, hexane, petroleum ether, mixt- 
ures of toluene and hexane and th like. The reaction mixture is stirred for about 1 minute to 24 hours at a 

5 temperature of about -100°C to 25°C. It should be noted that when the Lewis acid is titanium tetrachloride, tin 
tetrachloride, boron trifluoride etherate or boron tribromide then R 1 cannot be derived from (-)- menthol and R 2 
cannot be methyl. In addition to 5a, varying quantities of its diastereomer 5b may also be produced in the reac- 
tion. The relative amounts of 5a and 5b produced in the reaction will depend upon the reactants, reagents, and 
conditions of the reaction; in particular the relative amounts of 5a and 5b will depend upon the absolute 

10 stereochemistry of the R 1 group chosen. The crude 5a obtained from the reaction can be purified by crystalli- 
zation or by chromatography; 5a is a novel compound. 

Preferably, the R 1 group for the compound of formula 3 is derived from (-)-menthoI, i.e., R 1 is 

15 H.C OH-, 

3 \ / 3 
CH 



20 



25 




and the Lewis acid is a di(Iower alkyl) aluminum chloride, particularly where each lower alkyl group is of 2 to 
4 carbons. When the R 1 group for the compound of formula 3 is derived from (-)-menthol and the Lewis acid 

30 is a di(lower alkyl) aluminum chloride, the amount of compound 4 employed for the reaction is preferably 1 to 
2 equivalents per equivalent of 3, the amount of Lewis acid employed is preferably 1.5 to 2.5 equivalents per 
equivalent of 3 f the reaction mixture is stirred preferably for about 5 minutes to 2 hours at a temperature of pref- 
erably about -80°C to -40°C. 

Most preferably, the R 1 group for the compound of formula 3 is derived from (-)-menthoi, the Lewis acid is 

35 diethyfaluminum chloride or diisobutylaiuminum chloride and R 2 is methyl. For example, when compound 3, 
wherein the group R 1 is derived from (-)-menthoi, is reacted with 1.1 equivalents of the compound of formula 
4, wherein R 2 is methyl, in the presence of 2 equivalents of diisobutylaiuminum chloride at about -78°C in 
toluene for about 30 minutes, 5a is obtained in high yield and in large excess relative to the diastereomer 5b. 
The resulting crude 5a is purified by chromatography on silica gel, or by crystallization from methanol or me- 

40 thanol-water. 

A compound of formula 3 wherein R 1 is as defined above can be obtained commercially {e.g., the compound 
of formula 3 wherein R 1 is the group derived from the optically active alcohol (-)- menthol can be obtained from 
Aldrich Chemical Company) or can be readily prepared by methods known in the art (see e.g., Heathcock, C.H., 
et al ., J. Med. Chem. 1989, 32, 197-202; Scharf, H. P., et al. Chem Ber. 1986, 119 , 3492-3497; Helmchen, G. 

45 et aL t DE 3702084). Compounds of formula 4 wherein R 2 is as defined above are either commercially available 
(e.g. Wiley Organics Inc.) or can be readily prepared by methods known in the art (see e.g.. Organic Synthesis 
Collective Volume 111, P. 506; S.M. McElvain J. Amer. Chem. Soc. 1955, 77, 5601-5606). The Lewis acids are 
commercially available or can be prepared by methods known in the art. 

The compound of formula 6 is prepared by reacting a compound of formula 5a with a reducing agent such 

so as lithium aluminum hydride, lithium borohydride, and the like, in a solvent such as tetrahydrofuran, diethyl 
ether, and the like. The reaction mixture is stirred for 5 minutes to 24 hours, preferably for 30 minutes to 4 hours 
at a temperature of 0°C to the reflux temperature of the solvent. The compound of formula 6 is isolated and 
purified by methods known in the art. 

A compound of formula 7 wherein R 3 is a protecting group is prepared by reacting a compound of formula 

55 6 with the corresponding protecting group precursor. Suitable protecting groups R 3 include hindered silyl groups 
(such as t-butyldiphenylsilyl ortriisopropylsilyi), benzyl or substituted benzyl groups, acyl groups (such as acetyl 
or benzoyl, preferably benzoyl) and the like. A compound of formula 7 wherein R 3 is a hindered silyl group is 
prepared by tr ating a compound of formula 6 with the appropriate silyl r agent e.g., the corr sponding tri(hyd- 

6 
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rocarbon)-silyl chloride, in a solvent such as dimethylformamide or tetrahydrofuran in the presence of a base 
such as triethylamine or imidazol . A compound of formula 7 wherein R* is a benzyl or substituted benzyl is 
prepared by treating a compound of formula 6 with a benzyl halide or a substituted b nzyl halide in a solvent 
such as tetrahydrofuran or dimethylformamide in the presence of a suitable base such as sodium hydride. A 
compound of formula 7 wherein R 3 is an acyl group such as acetyl or benzoyl is prepared by treating a com- 
pound of formula 6 with the corresponding acyl anhydride or acyl halide, preferably benzoyl chloride or benzoic 
anhydride, in a solvent such as pyridine or tetrahydrofuran/triethylamine, or ethyl acetate/triethylamine, pref- 
erably ethyl acetate/triethylamine. Optionally, a catalyst such as 4 ,4-dimethyl amino pyridine is added to the 
reaction mixture. The benzoylation reaction is carried out at -1 0°C to 35°C, preferably at -5°C to 25°C, 1/4 hour 
to 48 hours, preferably 1/2 hour to 24 hours. Water is added to the reaction mixture, the mixture is stirred, and 
the product is extracted and optionally purified e.g. by chromatography. 

A compound of formula 1 is prepared by treatment of a compound of formula 7 with an acid catalyst such 
as sulfuric acid, hydrochloric acid, p-toluenesulfonic acid, and the like, preferably sulfuric acid, in a solvent or 
solvent mixture such as water, water-acetonitrile, water-dioxane, acetone and the like, preferably water- 
acetonitrile. The reaction mixture is stirred at 0*C to 60°C, preferably at 15*C to 30*C for 1/2 hour to 48 hours, 
preferably for 2 hours to 24 hours. The reaction mixture is neutralized and the product is extracted and optionally 
purified by e.g. chromatography or crystallization. 

The following examples are specific embodiments of the invention. 

Example 1 

(1S-trans)-3,3-Pimethoxy-1.2-cyclobutanedicarboxylic acid. di-(-)-menthyl ester 

Di-(-)-menthylfumarate (100 g) was dissolved in 400 ml dry toluene and cooled to -75°C under argon. To 
this solution was added with stirring diisobutylaluminum chloride (99.5 ml) over 15 minutes. The resulting 
orange mixture was stirred at -75°C for 15 minutes and 1,1-dimethoxyethyiene (24.7 g) was added over 15 
minutes. After stirring the reaction mixture for 10 minutes at-78°C, methanol (30 ml) was added over 1 5 minutes 
and the mixture was stirred for 30 minutes. Hexane (250 m!) was added over 5 minutes followed by the addition 
of 20% aqueous sodium hydroxide (40 ml) over 1 5 minutes at -60°C to -40°C. The reaction mixture was sJowfy 
(over 45 minutes) allowed to warm to 10°C and anhydrous magnesium sulfate (40 g) was added. The mixture 
was allowed to come to room temperature, was filtered, and the filtrate was concentrated in vacuo to afford an 
oil (119.5 g) which solidified under vacuum. The crude product was recrystallized from methanol-water (95:5) 
to afford 102g of the title compound (isomerically pure as judged by HPLC) as a white solid, m.p. 89°C, [a] D 
=-28.5°(c = 1.CHCI 3 ). 

Alternatively, the title compound can be prepared by using diethylaluminum chlonde instead of 
diisobutylaluminum chloride, as described below. 

A solution of diethylaluminum chloride (1M in hexane, 5.1 ml) was added dropwise to a stirred solution of 
dK-)-menthyl fumarate (1 .0 g) in 5 ml toluene under nitrogen at -78°C. The reaction mixture was stirred at that 
temperature for 15 minutes, followed by the addition of 0.247 g 1,1-dimethoxyethylene. The reaction mixture 
was stirred at -78°C for 30 minutes, then was carefully added to a mixture of 50 ml hexane and 20 ml saturated 
aqueous sodium bicarbonate solution. The organic phase was washed with additional saturated sodium bicar- 
bonate solution (2 x 20 ml), water (3 x 20 ml), and was dried (magnesium sulfate) and concentrated in vacuo 
giving 1.23 g of a thick oil. The crude mixture was recrystallized from methanol-water (95:5) affording 0.98 g 
of the title compound pure by HPLC and NMR. 

Example 2 

(1 S-trans)-3,3-Dimethoxy-1 ,2-cyclobutanedimethanol 

A solution of (1S-trans)-3,3-dimethoxy-1,2-cyclobutanedicarboxylic acid. di-(-)-menthyl ester (3.5 g) in 15 
ml dry tetrahydrofuran was added dropwise over 5 minutes to a suspension of 420 mg of lithium aluminum hyd- 
ride in 73 ml of dry tetrahydrofuran at room temperature and under argon. The mixture was heated at 55°C for 
1 hour, after which no starting material was observed by thin layer chromatography. To the reaction mixture, 
cooled to 5°C, was added sequentially 420 u.1 water, 420 ul of 15% aqueous sodium hydroxide, and 1 .28 ml of 
water. The resulting suspension was stirred for 1 5 minutes at room temperature, then ca. 5g of anhydrous mag- 
nesium sulfate was added, and stirring was continued an additional 0.5 hour. The solids were removed by fil- 
tration through Celite. and the clear, colorless filtrate was concentrated to afford 3.7 g of a semi-solid residue 
(a mixture of the title compound and (-)-menthoi). This residue was dissolved in a mixture of 35 ml water, 3.5 
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ml methanol and 20 ml heptane. The organic layer was separated and the aqueous layer was extracted with 
additional heptane (3x10 ml). The combined organic fractions were washed once with 5 ml of water. The com- 
bined aqueous fractions were concentrated in vacuo to ca. 5 ml, saturated with sodium chloride, and extracted 
with ethyl acetate (2 x 20 ml). The combined ethyl acetate extracts were dried over anhydrous magnesium sul- 
5 fate and concentrated to afford 1.33 g of the title compound as a clear colorless oil. 

1 HNMR (CDCL 3 ): 51.69 (ddd, 1H, J = 1.2, 7.8, 12.3 Hz. H-4); 2.1 (m. 1H, H-3); 2.35 (m, 2H, H-2 and H-4); 2.64 
(s. 2H. 2 x OH); 3.184 (s. 3H. OCH 3 ); 3.188 (s, 3H, OCH 3 ); 3.51 (dd. 1H, J = 8.8. 10.5 Hz) and 3.75 (m, 3H) [2 
x OCHJ. 

Alternatively, the above-described crude semi-solid mixture of the title compound and (-)-menthol can be 
10 treated as follows. The crude mixture resulting from the lithium aluminum hydride reduction of 17.5 g of (1S- 
fra/7s)-3 f 3-dimethoxy-1 t 2-cyclobutanedicarboxylicacid, di-(-)-menthyl ester was dissolved in 100 ml of heptane 
and was washed with water (4 x 50 ml). The combined aqueous fractions were washed with 25 ml of heptane, 
then were saturated with ammonium sulfate (45g) and were extracted with ethyl acetate (4 x 50 ml). The com- 
bined ethyl acetate extracts were dried over anhydrous magnesium sulfate and concentrated to afford 6.3 g of 
15 the title compound as a colorless oil. 

Example 3 

(IS-trans^S-Dimethoxy-l^-cydobutanedimethanol, dibenzoate ester 

TO 

To a solution of 300 mg of (1S-trans)-3,3-dimethoxy-1 t 2-cyclobutanedimethanol in 3.4 ml of dry pyridine 
at 5°C under argon was added dropwise 494 ui of benzoyl chloride. The mixture was stirred with cooling for 
ah additional 1.5 hours after which 100 uJ water was added. The reaction mixture was diluted with ethyl acetate 
and washed with 10% aqueous hydrochloric acid, brine, saturated sodium bicarbonate and brine. The organic 

25 solution was dried over anhydrous magnesium sulfate and concentrated to afford 642 mg of the title compound 
as a clear, colorless oil. An analytical sample of the title compound was prepared by semi-preparative HPLC, 
[a] D =54.3° (c =0.94, CHCI 3 ). 

Alternatively, a solution 147.7 g. of (IS-trans^.S-dimethoxy-l^-cyclobutanedimethanoI in 900 mi. of ethyl 
acetate, chilled in an ice bath to an internal temperature of 8°C, was treated with 410 g. of benzoic anhydrid , 

30 21 1 g. of triethyiamine, and 6.5 g. of 4,4-dimethylaminopyridine. The stirred mixture was allowed to come to 
room temperature over 15 hours. The mixture was then treated with 45 ml. of water and stirred at room tem- 
perature for 6 hours. The mixture was diluted with 1 L of ethyl acetate and washed with water (2x1 L), IN HC! 
(2 x 0.5 L), water (0.5 L), 10% sodium bicarbonate (2 x 0.5 L) ( and brine (0.5L). The organic solution was dried 
over anhydrous magnesium sulfate and was concentrated to afford 309.2 g. of the title compound. 

35 

Example 4 

(2S-trans)-2 t 3-Bis[(benzoyloxy)methyl]-cyclobutanone 

40 A solution of ( 1S-trans)-3,3-dimethoxy-1 t 2-cyc!obutanedimethanol, dibenzoate ester (31 2 mg) in 12 ml of 

acetonrtrile and 3.8 ml of 0.5N aqueous sulfuric acid was stirred at room temperature overnight. An additional 
1.9 ml of 0.5N aqueous sulfuric acid was added and stirring was continued for an additional 6 hours, after which 
no starting material remained by thin layer chromatography. The solution was diluted with ethyl acetate and 
was washed with brine, saturated aqueous sodium bicarbonated and brine. The organic solution was dried over 

45 anhydrous magnesium sulfate and was concentrated to afford 245 mg of the title compound as a white solid. 
An analytical sample of the title compound was recrystallized from methylene chloride-ether, m.p. 95.5 - 97°C, 
[a] D = 24.1° (c = 1.31, CHCi 3 ). 



so Claims 

1. A process for the preparation of the optically active compound 
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wherein R 3 is a protecting group which comprises: 
(a) reacting a compound of the formula 

15 

^ccur 1 

20 2 

3 

with a compound of the formula 

25 



30 




35 

in the presence of a Lewis acid to yield a mixture of diastereomeric isomers of the formulae: 



40 



45 




wherein R 1 is the group obtained by removal of the hydroxy group from the homochiral alcohol of th 
formula R 1 OH and is a branched chain alkyl of 4 to 20 carbons, a substituted straight or branched chain 
alkyl of 1 to 20 carbons, a substituted cycloalkyl of 3 to 20 carbons, a bridged cycloalkyl of 6 to 20 car- 
bons, a substituted bridged cycloalkyl of 6 to 20 carbons, a polycycloalkyl of 7 to 20 carbons, a substi- 
tuted polycycloalkyl of 7 to 20 carbons wherein said substituents are one or more selected from the 
group consisting of lower alkyl of 1 to 5 carbons, halo, lower alkoxy of 1 to 5 carbons, 



li 

-C-lower 
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alkoxy of 1 to 5 carbons 

0 O 

II M 

-O-CH, -O-C-lower 

alkyl of 1 to 5 carbons and phenyl, a lactone of 4 to 6 carbons, a substituted lactone of 4 to 6 carbons 
wherein said lactone substituents are one or more selected from the group consisting of lower alkyl of 
1 to 5 carbons, halo, lower alkoxy of 1 to 5 carbons, and phenyl, 

R 4 R 5 R 4 R 5 



-(CH 2 ) n <- -(CH 2 ) n 

wherein n is an integer from 1 to 4, and R 4 and R 5 are independently selected from hydrogen and lower 
alkyl of 1 to 5 carbons; 

R 2 is lower alkyl of 1 to 5 carbons or both R 2 groups are joined together by an alkylene group of 
2 or 3 carbons; with the proviso that when R 1 is 



H-C CH- 

3 \ / 3 
CH 




and R 2 is methyl, then the Lewis acid cannot be titanium tetrachloride, tin tetrachloride, boron trifluoride 
etherate or boron tribromide; 

b) obtaining pure compound 5a by crystallization or chromatography; 

c) reacting compound 5a with a reducing agent to form a compound of the formula 



HOH 2 C^ SK ^ OR 2 




^OR 2 



HOH 2 C 



d) protecting th hydroxy groups of compound 6 with a group (R 3 ) to form a compound of the formula 
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and 

e) hydrolysing a compound 7 using an acid catalyst to form the compound of formula 1L 

The process according to Claim 1 wherein the Lewis acid is selected from the group consisting of dieth- 
ylaluminum chloride, diisobutylaluminum chloride, ethylaluminum dichloride, isopropoxyaluminum 
dichloride, aluminum trichloride, boron trifluoride, boron trichloride, titanium tetrachloride, dichlorodiisop- 
ropoxytitanium, tin tetrachloride and tin trichloride. 

The process according to Claim 1 wherein the Lewis acid is a di(lower alkyt)aiuminum chloride wherein 
each lower alkyl group in the Lewis acid is of 2 to 4 carbons. 

The process according to Claim 1, 2 or 3 wherein R 1 is selected from the group consisting of 
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and ^►CH-CH-CH 



I 

CH 3 

The process according to Claim 1, 2 or 3 wherein R 1 is 




and R 2 is methyl. 

The process according to any one of Claims 1-5 wherein compound 4 is present in the amount of about 
0.1 to about 5.0 equivalents per equivalent of compound 3 and the Lewis acid is present in an amount of 
about 0.5 to about 5.0 equivalents per equivalent of compound 3 and wherein the reaction in step (a) is 
stirred from about 1 minute to about 24 hours at a temperature of about -100°C to about 25°C. 



The process according to Claim 1 wherein R 1 is 
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15 R 2 is methyl, 

the Lewis acid is diisobutylaluminum chloride, 

compound 4 is present in the amount of 1.0 to 2 equivalents per equivalent of compound 3 and the 
Lewis acid is present in an amount of 1.5 to 2.5 equivalents per equivalent of compound 3, 
the reducing agent of step (c) is lithium aluminum hydride, and 
20 the protecting group in step (d) is benzoyl. 

8. A compound of the formula 




wherein the absolute stereochemistry at the cyclobutane is (1S ( 2R) and R 1 is the group obtained by 
removal of the hydroxy group from the homochiral alcohol of the formula R 1 OH and is a branched chain 
35 alkyl of 4 to 20 carbons, a substituted straight or branched chain aikyl of 1 to 20 carbons, a substituted 

cycloaikyl of 3 to 20 carbons, a bridged cycloalkyl of 6 to 20 carbons, a substituted bridged cycloalky! of 6 
to 20 carbons, a polycycloalkyl of 7 to 20 carbons, a substituted polycycloalkyl of 7 to 20 carbons wherein 
said substituents are one or more selected from the group consisting of lower alkyl of 1 to 5 carbons, halo, 
lower aikoxy of 1 to 5 carbons, 

40 

O 
M 

-C-lower . 

45 aikoxy of 1 to 5 carbons, 

O O 
It II , 

-O-CH, -O-C-lower 

50 

alkyi of 1 to 5 carbons and phenyl, a lactone of 4 to 6 carbons, a substituted lactone of 4 to 6 carbons wherein 
said lactone substituents are one or more selected from the group consisting of lower alkyl of 1 to 5 carbons, 
halo, lower aikoxy of 1 to 5 carbons, and phenyl. 
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40 



X. 



, or 



- (CH 2>n 



X 



10 



15 



wherein n is an Integer from 1 to 4, and R 4 and R 5 are independently selected from hydrogen and lower 
alkyl of 1 to 5 carbons; and 

R 2 is lower alkyl of 1 to 5 carbons or both R 2 groups are joined together by an alkylene group of 2 
or 3 carbons. 

9. A compound according to Claim 8 wherein R 1 is selected from the group consisting of 



20 



H-C CH-. 
CH 



25 




CH 




30 



CH 3 

O 
II 

H^C— CH— C— O — CH- 



CH. 



O 
H 

H 3 C— CH— C - O - CH 3 



35 



H 3 C— CH — C— O— C 2 H 5 



0 
II 

H 3 C— CH-C- 0— C 2 H 5 



45 




CH -CH- 




50 



55 
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10. A compound according to Claim 8 wherein R 1 is 

H~C CH 

\ / 

CH 




, and 



R 2 is methyl having the name, 

(1S-trans)-3,3-dimethoxy-1 f 2-cyclobutanedicarboxylic acid, di-(-)-menthyl ester. 
Claims for the following Contracting State: ES 
1. A process for the preparation of the optically active compound 
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= o 



10 



wherein R 3 is a protecting group which comprises: 
a) reacting a compound of the formula 



15 



R^C 



20 



Xc0 2 r1 



with a compound of the formula 



25 



30 



H 2 C -=r c 



/ 
\ 



35 



in the presence of a Lewis acid to yield a mixture of diastereomeric isomers of the formulae: 



40 



45 




OR 



OR 




50 



wherein R 1 is the group obtained by removal of the hydroxy group from the homochiral alcohol of the 
formula R 1 OH and is a branched chain alkyl of 4 to 20 carbons, a substituted straight or branched chain 
alkyl of 1 to 20 carbons, a substituted cycioalkyl of 3 to 20 carbons, a bridged cycioalkyl of 6 to 20 car- 
bons, a substituted bridged cycioalkyl of 6 to 20 carbons, a poiycydoalkyl of 7 to 20 carbons, a substi- 
tuted pdycycioalkyl of 7 to 20 carbons wherein said substituents are one or more selected from the 
group consisting of lower alkyi of 1 to 5 carbons, halo, lower alkoxy of 1 to 5 carbons, 



55 



o 
li 

-C-lower 
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alkoxy of 1 to 5 carbons 

O O 
-O-CH, -O-Olower 

alkyl of 1 to 5 carbons and phenyl, a lactone of 4 to 6 carbons, a substituted lactone of 4 to 6 carbons 
wherein said lactone substituents are one or more selected from the group consisting of lower alkyl of 

1 to 5 carbons, halo, lower alkoxy of 1 to 5 carbons, and phenyl, 

r 4 R 5 R 4 * 5 

I | ■ or J 1 

-(CH 2 ) n ^ -(CH 2 ) n ^ 

wherein n is an integer from 1 to 4, and R* and R* are independently selected from hydrogen and lower 
alkyl of 1 to 5 carbons; 

Rz is lower alkyl of 1 to 5 carbons or both R 2 groups are joined together by an alkylene group of 

2 or 3 carbons; with the proviso that when R 1 is 



H,C CH, 
3 \ / 
CH 



X) 



A 

CH- 



and R 2 is methyl, then the Lewis acid cannot be titanium tetrachloride, tin tetrachloride, boron trifluoride 
etherate or boron tribromide; 

b) obtaining pure compound 5a by crystallization or chromatography; 

c) reacting compound 5a with a reducing agent to form a compound of the formula 

2 

HOH 2 C^ >v ^ OR 

HOH 2 C 



d) protecting the hydroxy groups of compound 6 with a group (R 3 ) to form a compound of th formula 
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R 3 OH_C 
2 \ 




OR 
\ 0 R 2 



R 3 OH 2 C 



10 



15 



20 



e) hydrolysis of a compound of formula 7 using an acid catalyst to form the compound of formula 1. 

2. The process according to Claim 1 wherein the Lewis acid is selected from the group consisting of dieth- 
ylaluminum chloride, diisobutylaluminum chloride, ethylaluminum dichioride, isopropoxyaluminum 
dichioride, aluminum trichloride, boron trifluoride, boron trichloride, titanium tetrachloride, dichlorodiisop- 
ropoxytitanium, tin tetrachloride and tin trichloride. 

3. The process according to Claim 1 wherein the Lewis acid is a di(lower afkyl)aluminum chloride wherein 
each lower alkyl group in the Lewis acid is of 2 to 4 carbons. 

4. The process according to Claim 1 wherein R 1 is selected from the group consisting of 



25 



30 



H 3 C 



CH 



CH. 



*6 



H-C 



CH 



"6 



CH. 



CH. 



35 



40 



45 



H 3 C- 



:h— c— o — ch- 

r ? 



h 3 c — ch— c— o- c 2 h 5 





o 

= li 

H 3 C— CH— C— 0 — CH. 

o 

= li 

H,C- CH— C— 0 — CH 



■CH-CH. 



2^5 



50 



55 
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The process according to Claim 1 wherein R 1 is 




, and 



R 2 is methyl. 

The process according to Claim 1 wherein compound 4 is present in the amount of about 0.1 to about 5.0 
equivalents per equivalent of compound 3 and the Lewis acid is present in an amount of about 0.5 to about 
5.0 equivalents per equivalent of compound 3 and wherein the reaction in step (a) is stirred from about 1 
minute to about 24 hours at a temperature of about -100°C to about 25°C. 

The process according to Claim 1 wherein R 1 is 
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R 2 is methyl, 

the Lewis acid is diisobuty I aluminum chloride, 

compound 4 is present in the amount of 1 .0 to 2 equivalents per equivalent of compound 3 and the 
Lewis acid is present in an amount of 1 .5 to 2.5 equivalents per equivalent of compound 3, 
the reducing agent of step (c) is lithium aluminum hydride, and - 
the protecting group in step (d) is benzoyl. 

Use of a compound of the formula 




wherein the absolute stereochemistry at the cyclobutane is (1S, 2R) anc* R 1 is the group obtained by 
removal of the hydroxy group from the homochiral alcohol of the formula R'OH and is a branched chain 
alkyi of 4 to 20 carbons, a substituted straight or branched chain alkyi of 1 to 20 carbons, a substituted 
cycioaikyi of 3 to 20 carbons, a bridged cycloalkyi of 6 to 20 carbons, a substituted bridged cydoalkyi of 6 
to 20 carbons, a polycycloalkyl of 7 to 20 carbons, a substituted polycycloalkyl of 7 to 20 carbons wherein 
said substituents are one or more selected from the group consisting of lower alkyi of 1 to 5 carbons, halo, 
lower aikoxy of 1 to 5 carbons, 

O 
M 

-C-lower 

aikoxy of 1 to 5 carbons. 



O O 
-O-CH, -O-O lower 

alkyi of 1 to 5 carbons and phenyl, a lactone of 4 to 6 carbons, a substituted lactone of 4 to 6 carbons wherein 
said lactone substituents are one or more selected from the group consisting of lower alkyi of 1 to 5 carbons, 
halo, lower aikoxy of 1 to 5 carbons, and phenyl. 
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wherein n is an integer from 1 to 4, and R 4 and R 5 are independently selected from hydrogen and lower 
alkyl of 1 to 5 carbons; and 

R 2 is lower aikyl of 1 to 5 carbons or both R 2 groups are joined together by an aikylene group of 2 
or 3 carbons, for the preparation of a compound of formula 1_ as defined in Claim 1. 

Use according to Claim 8 

wherein R 1 is selected from the group consisting of 
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and 



CH. 



^CH— CH-CH-, 
CH 3 



10. Use according to Claim 8 
wherein R 1 is 




R 2 is methyl having the name, 

(IS-trans^.S-dimethoxy-l^-cyclobutanedicarboxylic acid, di-(-)-menthyl ester 



22 



/ 



